














KLAMATH LAKE REGION, OREGON

of Upper Klamath Lake. Beyond the end of the Fort
Klamath scarp it is walled on the east by the Modoc
scarp. South of the latitude of Modoc Point it is
divided by a chain of hills.

The mountains that stand next to the plain on the
west side have the appearance of volcanoes long ex-
tinct and, for the most part, maturely dissected.
Their principal peaks, from 2 to 3 miles back from the
cdge of the plain, rise from 2,000 to 4,000 feet above it.
From the north end of the plain to Pelican Bay, a dis-
tance of 20 miles, the mountain mass is continuous,
and a broad but isolated mountain stands south of
Pelican Bay.

The mountains are forested to their base, but the
plain is open. Our observations included distant
views from the plain and such inspection of the base
as could be made by following a carriage road through
the forest. As inferred from the distant views, and
especially from the contours on the map, the character
of the topography changes at this line of front.
Parallel ridges and linear escarpments, which are
characteristic features on the east side, occur on the
west only as spurs between gorges of erosion and as the
walls of canyons. The mountain front is rather bold
and exhibits a notable amount of alinement, features
which in their combination are strongly suggestive of a
line of dislocation. The examination of the mountain
base failed to discover evidence of faulting coordinate
with that of the scarps east of the. plain. The rock
base is definitely marked, and its outline is simple
except where it is crossed by large streams, but the
slope does not approach the talus angle. The rock
base is fringed by an apron of alluvium, and large
low-grade fans have been spread by the larger of the
crocks that issue from the range. Opposite Pelican
Bay, where the chain of volcanoes is interrupted by a
transverse valley, both apron and fan are submerged
beneath lake waters and marshes.

From these data I infer, as probable, that the east-
orn face of the Cascade Mountains was here determined
by a fault with throw to the east; that the dislocation
occurred after the principal eruptions by which the
range was built but before the excavation of the great
canyon valleys by which the mountains have been
dissected; and that the valley which is occupied in
part by Upper Klamath Lake was created afterward
by the uplift of tracts along its eastern and southern
margins. The scarps described on earlier pages per-
tain to the later epoch of dislocation.

RIDGES WEST OF UPPER KLAMATH LAKE

Mention has been made (p. 79) of a group of small
ridges about the south end of Plum Ridge. This
group may be thought of as the eastern end of a
barrier which runs west-southwest to Klamath River
and separates the basins of Upper Klamath and Lower
Klamath Lakes. The outlet of the upper lake crosses
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the barrier at Klamath Falls. The barrier is irregular
in form and is composed of many hills or small ridges
which individually trend parallel to Plum Ridge, or at
right angles to the general line of the barrier. North
of the barrier are scattered small ridges with the same
general trend, and a chain of somewhat larger ridges
runs northward for 15 miles, separating Long Lake
Valley from Wocus Marsh and Aspen Lake from
Upper Klamath Lake.

I had a near view of ridges about Long Lake Valley
and distant views of many others, so that I was able
to extend an observation made by Professor Johnson
that the fault-block system west of Plum Ridge is
antithetic or complementary to the Plum Ridge-
Modoc system in that the prevailing throw of the
faults is on the east side and the prevailing tilt of the
blocks is to the west.

The number of distinguishable ridges is large, and
the number of component fault blocks is larger.
From data in my notes and photographs I could enu-
merate about 15 blocks, and the actual number must be
several times as great. It is a region of minute
slicing of the preexistent terrane.

Plate 37, B, shows a group of westward-dipping
ridges, as seen from the southeast.

FIGURE 53.—North end of Long Lake Valley, Klamath County, Oreg.

A few scarps have such height and length that they
may be distinguished as major, although they are not
comparable with the major scarps of the eastern sys-
tem. Perhaps the most prominent of these is the scarp
that borders Wocus Marsh, but this I know chiefly
from the map. Another borders Upper Klamath Lake
from Squaw Point to Porcupine Point and is strongly
expressed by the contours. The bedding of the asso-
ciated ridge, as seen from the east, appears to lie nearly
level.

A third major scarp walls Long Lake Valley on the
west and I as the sharp definition of the Modoc scarp.
It is about 8 miles long and 300 to 400 feet high. At
the north end of the valley it is intersected by a south-
ward-facing scarp, and the topography suggests that
two faults here cross. Figure 53, although based on a
photograph, is in part sketched, for the distant hills,
of which the camera recorded only the sky line, have
been interpreted by the aid of a notebook diagram.
At the right are shown profiles of the east wall of the
valley, a dip slope. At the left is shown & salient of the
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west-side scarp, here less steep than elsewhere. Be-
yond the salient the scarp reappears in the distance
with its normal facies and then abruptly ascends, as if
climbing over the intersecting scarp and ridge.

If the tentative interpretation of these features is
correct, and one fault is here crossed by another, the
occurrence is exceptional rather than typical. Ordi-
narily in this region the meeting of two faults is by
the ending of one against the plane of the other.

THE VALLEYS

The only valleys of the district which can be ascribed
to erosion are narrow and youthful, the canyons of the
uplands. Although the surface rocks are chiefly vol-
‘canic, none of the lake basins of the district have
originated through the obstruction of drainage by lava
flows. All the lowland valleys and most of the upland
valleys, except in the Cascade Mountains, are tectonic.

The valley of Upper Klamath Lake, which was
created by uplift on the east and south, has received
large deposits and is conspicuously flat—so far as its
bed is visible. Its flatness is evidently due to depo-
sition. The largest of its plains, built by outwash from
the slopes of the Crater Lake mass, is composed of
pumice, and that material is presumably the chief
factor in the filling of the valley. From the edge of
this plain to the main body of the lake the valley for
10 miles is occupied by marsh, and there are many
other marshy tracts about the shore. The presence of
these marshes suggests that the gentle slopes of the
visible parts of the valley floor are continued beneath
the water. '

As already mentioned, the fault-block hills which
diversify a part of the valley all lie south of Modoc

" Point. If such hills were formed in the northern tract
they have been buried by the flood of pumice.

Southwest of Pelican Bay a carriage road follows for
some distance a beach ridge which is adjusted in height
to the present level of the lake but is no longer washed
by the lake waves. Between the beach and the open
water lie 2 miles of marsh, and the age of the beach
is measured by the time necessary for the develop-
ment of the marsh. The fact that the local lake
level has not changed in that time indicates stability
not only of this part of the coast but of the sill at Kla-
math Falls and accords with the physiographic evi-
dence that the fault scarps have not grown in very
recent time. Of the same tenor is the statement, by
a resident for 30 years, that no earthquakes have
visited the region.

Long Lake Valley, the valley east of Plum Ridge,
and, in less degree, the valley of Aspen Lake are nota-
ble for the flatness of their floors, and the same remark
applies to the broader valleys of Upper and Lower
Klamath Lakes. The sharp change in slope at the
base of a scarp is commonly due in large part to the
burial of its base by the flat-topped valley deposit.
Hills that rise from the floors of the larger basins have
inconspicuous alluvial aprons and appear as islands in

a sea of alluvium. It has occurred to me that the asso-
ciation of mature gradation of valley floors with the
youthful topography of fault scarps may be connected
with an abundance of volcanic ash. Pumiceous sand
such as was seen near Fort Klamath is so little
heavier than water that it can be redistributed by
streams with great rapidity. Its available quantity,
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FIGURE 54.—Map of Swan Lake Valley and vicinity, Oregon.
From the Klamath topographic map. Contour interval, 200
feet .

unlike that of other easily moved débris, is independent
of the slow processes of rock decay. The sheet spread
over the land by an explosion may be quickly gathered
in the hollows and graded to geatle slopes.

THE PREFAULTING TOPOGRAPHY

The occurrence of parallel beds of basalt in the upper
parts of the principal scarp faces suggests the exist-
ence of a broad lava plain before the period of disloca-
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tion in which the scarps originated, but there is also
evidence that the lava plain was neither omnipresent
nor uniformly level.

Near the north end of the Modoc scarp lie tracts
that are occupied by sedimentary rocks and agglom-
erates, the former older than the latter. Near the
south end of Plum Ridge stand hills of sandstone
without lava caps, and not far away there is an expo-
sure of sandstone beneath a lava bed, It is not to be
supposed that the sedimentary rocks were wholly
covered by lavas at the time of the dislocations that
produced the Modoc and Plum Ridge scarps, for
a period of erosion sufficient for the removal of the lava
caps would not have left the scarps unfurrowed. It
is possible that the sedimentary rocks were not every-
where buried, and it is also possible that, after having
been buried, they were locally denuded in consequence
of uplifts which preceded the dislocations associated
with the existing scarps. My data are too meager for
the discussion of such suggestions.

Although the long scarps are in many respects
remarkably uniform, their crest lines, or the upland
strips immediately adjacent to them, are somewhat
uneven. The forms of a few inequalities are such as
to indicate origin by erosion, and the forms of a few
others indicate dislocation, but there are yet others
which are more plausibly explained as features of the
prefaulting topography. They are smooth hills of
moderate slope, except as affected by faulting, and
may be the worn remnants of small volcanoes. They
were not visited, and the suggestion as to their nature
comes in part from their association with the wide-
spread lava flows and in part from Russell’s descrip-
tion of an unfaulted lava field in central Oregon.?

8 Russell, I. C., U, S. Geol. Survey Bull. 252, 1905.

The hypothesis that before the period of dislocation
the general features of the region were a lava plain and
volcanic hills to mark points of eruption is in accord
with the shapes of hills and small mountains a little
farther south, as interpreted from distant views and
from the windows of railway trains. The Laki Peak
group, as seen from the northwest, has unmistakable
block-fault characters; its southwest face, straight
and cliff-like (see fig. 54), which springs abruptly
from a plain that inclines toward it, is clearly a fault
scarp, and a strong spur farther east is bounded on
the southwest by a fault scarp; but the summit forms,
except at the extreme west, are of a distinct type. A
group of hills that trend southwestward and border
Lower Klamath Lake on the northeast appear from
the north to be bounded on both sides by fault scarps,
and their tops include plain elements that have a gentle
tilt toward the east, but above the plain elements are
also rounded summits. A line of southeastward-
trending hills, which is crossed by the railroad near
Dorris, shows tabular summits with moderate incli-
nation, as if faulted up from an even lava plain, but
the forms of the group of larger hills south of Dorris,
though equally characteristic of block faulting, suggest
a less even antecedent surface.

These neighboring uplands, which offer for study
distinct phases of fault-born relief, aroused longings
for close acquaintance that could not be gratified.
I commend them to students of mountain structure
and add as a special attraction that close at hand is
a fault splinter of magnificent proportions. One may
read from Mr. Ricksecker’s faithful contours in Figure
54 that the northeast wall of Swan Lake Valley is a
fault scarp that is comparable with the Modoc, and
that a splinter more than half a mile in width slopes
southward along its face.
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GENERAL FEATURES

The photographs reproduced in Plate 38 were made
by my colleague Mr. W. C. Mendenhall and gave me
my first intimation that the western base of the Sierra
Nevada is in part defined by a fault. The fact was
well known, however, to others and has been recorded
in the literature of the range. Mention of faults in
this particular locality is made by Anderson.! The
scarp as pictured has a strong family resemblance to
the western faces of the Wasatch and Logan Ranges
and is a fine example of a youthful fault scarp in
~ nearly homogeneous material. I availed myself of the
first opportunity to visit the locality (in October,
1914) and was so fortunate as to have the companion-
ship and guidance of Mr. C. L. Moody, of the Univer-
sity of California, who, as a student of the Miocene
formations of the district, had acquired an intimate
acquaintance with the local geography and geology.

At a point about 15 miles by road east of Bakers-
field, Kern River leaves the great granite body of the
Sierra and enters a district occupied by easily eroded
rocks of Miocene age. It is possible that but for the
work of the river the contact of the two formations
would not have a strong topographic expression at
this point, but the river, while carving only a narrow
passage for itself through the granite, has developed
a terraced valley just beyond. Through that develop-
ment and through the activity of small tributary
streams the face of the granite has been exposed.

My primary motive in visiting the locality was to
learn whether the photograph’s testimony to the
existence of a fault is supported by other evidence.
The picture shows a mountain block dissected by
youthful canyons and bounded by a nearly straight
face. The face is divided by the canyons into facets,
which are triangular where narrowest and trapezi-
form where broader. The general slope of the face
seems to be about as steep as that which has been
acquired through gradation by scarps in the Klamath
Lake region, but at the left of the river canyon the
lower part of the face is steeper and smoother—just
as the fault face on Plum Ridge, in the Klamath region,
is steeper and smoother than the graded part of the
scarp. So one of the questions to be answered by
close inspection was whether the steeper wall bears
the polish and striae of the footwall of a fault. Other
questions pertained to the character and attitude of
the Miocene beds at and near the contact. If the
granitic batholith were younger than the strata

1 Anderson, F. M., The Neocene deposits of Kern River, Calif., and the Temblor
Basin: California Acad. Sci. Proc., 4th ser., vol. 3, p. 82, pl. 6, 1911.
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(a relation for various reasons highly improbable)
there might be metamorphism. If the granite face
were a sea cliff created or steepened by the waves of
the Miocene ocean, the waste from cliff erosion should
appear in the adjacent sediments, whereas if the pre-
sent relation were brought about by the upfaulting of
the granite the sediments would not have characters
indicative of the immediate presence of a granite cliff.

VERTICAL GROOVING AND JOINTS

Near-by inspection of the steeper face found no
well-defined slickensides, which the surface of the
granite is evidently too weather-worn to preserve,
and no fault rock. There is, however, a vertical
grooving, or coarse striation, which is best seen at a

Joint surfaces
and terraces

FiGURE 55.—Ideal segment of the granite body near mouth of Kern
River Canyon, Calif., showing graded and ungraded portions of
scarp and the relations of terraces to joint systems

little distance, and there are many small patches of
thin quartz vein which are vertically fluted in harmony
with the grooving. These features tell of differential
movement along the exposed plane—or rather planes,
for the face is made up of several plane elements,
which are parallel and separated by narrow terraces.
A portion of the lowest plane element is pictured from
a photograph in Plate 39, A, and the relation of the
elements to the terraces is shown diagrammatically in
Figure 55. The terraces are narrow, they are occupied
by soil and other loose waste, they are parallel, and the
lines they trace across the face are oblique, rising from
left to right.

Both the plane elements and the terraces are
associated with joints. Among the many joints by
which the granite is riven it is possible to distinguish
three sets as relatively notable. One of these coincides
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in strike (southeast) and dip (59°) with the plane ele-
ments of the rock face. The joints of the second set
. dip obliquely into the mountain at about 25°, in such
a way that the lines in which they meet the rock face
are parallel to the terraces. Those of the third set
dip 80° SE. and strike at right angles to the rock face.
Only the first and second sets are indicated in Figure
55. The plane elements of the rock face are either
joint surfaces of the first set or dislocated parts of a
single joint surface. The terraces are in some way
determined by joints of the second set. It appears to
me most probable that the plane elements were once
united as parts of a single joint surface and that after
the differential movement which produced the ver-
tical striation they were separated by small move-
ments of the nature of step faulting, which took place
on joints of the second set.

The evidences of differential movement were seen
only on rock surfaces belonging to the system of joints
first mentioned. They were well observed only on the
outer surfaces associated with the terraces, but patches
of white ascribed to vein quartz were seen far up the
slope on mner joint surfaces which have been exposed
by erosion (that is, on the “graded rock slope’’ of
fig. 55), and if such occurrences are similar to those on
the outer surfaces it would appear that the differential
movement was not restricted to a single plane but was
more or less diffused through a zone.?

The steep face partly shown in Plate 39, 4, and dia-
grammatically represented in Figure 55, is about 400
feet high. There is no suggestion as to the vertical
extent of the rock surface to which it belongs, except
that the visible part is a part only. Above the upper
limit of the exposure the surface has been destroyed
by erosion; below the lower limit it is covered by a
mantle of talus. No other large exposure occurs, but
a series of minor exposures (see pl. 40, A) show that
the surface continues northeastward for at least 2
miles, and its presence southeast of the river is clearly
indicated by Plate 39, B. In taking that photograph
the camera was placed approximately in the plane of
the steep rock surface, with the result that the lines
of the view bring out the essential relations. The
granite above the head of the talus has been graded
to a slope little steeper than that given by the talus
profile, and the slope of the granite where protected by
talus and associated formations is about the same as
that of the exposed wall riorth of the river. The body
of protecting material is composed superficially of talus
and near the river of coarse alluvium, but its prin-
cipal constituent is doubtless a remnant of a Miocene
formation, which occurs in neighboring hills at the
same level.

The steep granite face revealed by the exposures
and by the quasi section, which stands at an angle

8 Becker, G. IF., Geology of the Comstock lode and the Washoe district; U. S.
Qeol. Survey Mon, 3, ch, 4, 1882,

greater than the angle of rest, is a cliff and as such is
a feature to be explained. Cliffs have many modes of

. origin, but the only ones that need be considered here

are those by wave attack and by faulting. The asso-
ciation of the cliff with marine deposits may properly
raise the question whether the waves of the Tertiary
sea created it as a shore cliff by sapping at its base.
If such were its origin the accordance of the cliff with a.
joint plane, or with a few joint planes, must be ascribed
to coincidence; but the difficulty thus suggested is
perhaps less serious than the difficulty of account-
ing for the burial of the cliff by marine sediments.
In order that the sediments might be deposited after
the creation of the cliff the land must have been sub-
merged, and during the submergence the waves would
attack the cliff at levels above its base and remodel it—
unless, indeed, the submergence were catastrophic.
It is evident that the hypothesis of origin by faulting
does not encounter these difficulties.

CHARACTER AND RELATIONS OF THE MIOCENE BEDS

I turn now to the evidence which may be afforded by
the character of the Miocene beds and by their relation
to the granite. The beds are in general so soft and they
weather so readily into a condition of incoherence that
their sequence and structure are not apparent. Out-
crops that show dips are rare and discontinuous, and
there has been so much slumping of hillsides that many
observable dips are of doubtful significance. Several
miles north of the river the formation includes a thin
limestone, and 1 or 2 miles south of the river it includes
a conglomerate, but these exceptional strata are of
slight extent, and their order of sequence has not been
established by stratigraphic evidence.

At the river the granite upland stands 2,500 feet
above the Tertiary lowland. Toward the northwest
the upland loses in height and the Tertiary hills gain
in height, until at a distance of 3 miles no noteworthy
difference remains. The line of contact between the
two formations, which for that distance is direct and
distinet, then becomes sinuous and indefinite and
swings' toward the northeast. It ceases to be the
boundary of a Tertiary formation resting against the
granite face and becomes that of a Tertiary formation
overlying the granite. In the region in which the
Tertiary overlies the granite the limestone bed crops
out on the side of Pyramid Hill, at an altitude of
2,000 feet above sea level. Where the Tertiary beds
rest against the granite face 2 miles farther south
there is an outcrop of the same bed at about 1,400
feet above sea level. The difference in height is not
accounted for by such observations of dip as are avail-
able and may plausibly be ascribed to dislocation.

At the lower locality the outcrop is so close to the
granite as to give significance to the testimony afforded
by the limestone on conditions of deposition. The slope
of the granite face is there about 40°, and a narrow
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spurlike hill of the Tertiary formation rests against
it, essentially in the manner represented by Figure
56, which is a diagrammatic sketch from memory,

The limestone bed appears in the side of the hill, 40

feet from the granite, and dips away from the granite
at 19°. The stratum consists largely of unbroken
shells of Pecten, Dosinia, Chione, Natica, Dentalium,
Bullia, and other forms and tells of deposition in quiet
water. It is manifestly out of place in its present
relation to a granite cliff if that cliff was carved out
by the waves of the Tertiary sea, but its position and
attitude are in accord with the hypothesis that the
cliff was created by faulting.

FieurEe 56.—Ideal sketch to show the relation of an observed
outerop of limestone (I) on a hill of Miocene beds to the
granite face () against which the hill rests, Sierra Nevada,
Calif.

The bed of conglomerate is not closely associated
with the granite face. Its outcrop is 2,000 feet from
the contact, and the plane of its dip is such that when
projected upward from the outcrop it passes above
the granite.

SUMMARY AND CONCLUSIONS

To recapitulate: The granite escarpment is nearly
straight for about 5 miles, except that where it is graded
by recent weathering it has the steepness of a cliff,
and it is faceted. These features indicate that the
mass has been truncated. The possibility of trunca-
tion by fluvial or glacial erosion need not be considered,
because no companion wall faces the escarpment.
The hypothesis of the formation of the cliff by wave
action is discountenanced by the smoothness of those
parts .of the cliff which are well preserved, by the
difficulty of explaining its preservation during burial
by marine sediments, and by the fact that the character
of the sediments does not indicate the near presence
of a granite shore cliff. Truncatidn by faulting is
indicated by the coincidence of smooth cliff faces with
joint planes and by the evidence on those planes of
differential movement but lacks the confirmation
which would be afforded by the presence of fault rock.

The local exposure of 400 feet of the fault wall
(see pl. 38) is a noteworthy feature. The locality is
not far from a low terrace made by the river, but no
evidence was found that the river in the swinging of
its meanders actually washed the base of the cliff.
The local details indicate rather that the approach of
the river caused a landslide, and that the slid body

of Miocene beds, after moving into the track of the
river, was washed away, with the exception of a small
remnant. Since that event the river has shifted to a
new position and has sunk its channel to a lower level.
The time that has elapsed since the occurrence of the
landslide is the time during which the fault wall has
been exposed to agencies of weathering.

The remnant of the slid mass, which may be seen
in Plate 38 and which appears at ¢ in Figure 57, is
sheathed by large angular blocks of granite, quite dis-
tinct from the worn boulders of the river terrace.
These blocks must have come from the upper slope of
the granite, b, but could not make the journey under
present conditions. It may be assumed that they once
rested on a graded slope of Miocene beds, became more
or less mingled with the material that composed those
beds during the sliding, and have been concentrated on
the present surface by the washing out of finer material.
The talus at ¢ has been built since the slide, and so has
the sloping plain of alluvium betweeu ¢ and a.

A series of peculiar terraces associated with smaller
exposures of the fault wall admit of a similar explana-
tion. Their type is illustrated by Plate 40, A, where
numerous angular blocks (at the left) are separated
from the parent body of granite (at the right) by an
alluvial plain of gentle slope which is the platform of a
terrace. The outer face of the terrace is outside the
field of view but may be seen in Plate 38. Here also
the phenomena are ascribed to sliding. A large body
of Miocene deposits has moved forward from the

NE

Granite

FI1GURE 57.—Profile of fault scarp at principal exposure of footwall
north of Kern River, Calif.

granite and has at the same time either rotated toward
it or else slumped along its upper edge, with the result
that its crest stands at some distance from the granite.
The interspace has since been aggraded by waste,
fine and coarse, from the upper slope of the granite,
but degradation of the crest has been arrested by the
coarse waste there lodged. The outer faces of such
terraces bear many large angular blocks, and so do
certain terraces and outlying hills at lower levels. It
is evident that the history of sliding has not been
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simple, bub it can not now be read in full because much
of its record has been effaced by subsequent erosion.
I discovered no evidence of recent renewal of fault-
ing. Because the jar of an earthquake is often the
immediate cause of a landslide, such sliding.as has here
taken place would have been a natural accompaniment,
of renewed faulting, but if the baring of the fault wall
were due to renewed faulting it would be more general
62436—28——7 '

in its distribution than is actually the case. South of
the river the yielding formations in contact with the
fault wall are undisturbed, and north of the river
tracts without disturbance (see pl. 40, B) alternate
with tracts affected by sliding. The sliding appears to
have occurred only where the stability of the Temblor
Hills was impaired by the sapping work of the river
and its tributaries.
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